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it isý unlikely that Gulf War veteransý are strffering chronic migfo btoes vrteeitneof a njte alilwkar
effects fromh 1j1neýsses, cauised by chemical warfare mnerve agent fydo it.6 h 1994. the U.S. Senate COmmnitt~e on Ba nkig,
exposure. E~xtens!ive investigation and review bysvea expert HIousingý mid Urban Affairs i18sued arepitexpessingt;he belief

panes hae d~entindthatno videce eist tha cheica thatthre. was "reliable evidence that U.S. forces wvere exposed
warfare uerv'e agenits-were used during the Gulf War. At no time, to r chenvical arnd Possibly biological 4gents,7 Following the pidb-
,before; urinlg, orafter the war Avas4 there- confirma~tion of
,symiptoms among anyone, military or civilian, caused by i ees fifhainC ue2,19.idctn htUS
cherb.icai warfare nerve agent exposure. H~ow'ever, studies Of servi~e rneirbers may hae inadvertently been. exposd to tracte
GulIf ..War v Ieterans have found belief that 'chemical wveapou ,s levels of chemnical warfare nerve agents as a result of weapons
W~eift uted, significantly associated with both severte and mihld- destruction at lEhamnisiyah (anl Iraq weapons depot), news ,re.-
moderate illnesses. The psychological impact of achemlcal ports appeared almost daily documenting this "probable' excpo-
'warfare attack. either actual or perceiv'ed. can result in imtune- sure arld highlighiting the lapses of Pentagon authorities in pub-
,diate and long-term health consequene~s. The deployment or licizing tat inortiom 'aenticmimtteUS
War-related health impact from life-threaterrings xperiences of occupation of Khmaisisyah, including the demolition periocl, tbo
the Gulf War, incluin the perceived expo~sur~eto, chemical reports were mnade of chemical warfare nerve agent dete-ctions,
warfarc-agenits, should be conlsidered as an important cause of nrwsteecnlmlo fsmtm ossetwt hn

ibotidit amog Guf Wa vetrans tea warfare nere atieit exposure.' Exhaustive lnvestigatian :of
other "exposure" incdents pubii~shed in miore than 60indivdualc

Introd41Wtion reports has revemaled similar negative finldings.9
Inldividual inve-stigators have reinforced unsubstantiated AL-

r~hethvat f a hemcalwarha~ pffcind ipac onallleifatious that chemnical warfare -nerve agents, werem wiel used
I lyer o Stiet.'Prir t te GillWa~kaj hd sedchen- in the Gulf %r., for example, .lleghig).. largehitiiubers of

ical weapons; on numnerous occasiomns againsnt Iran and its Own miltary~ peronelwere repetilivel exppssed to low envirorirpen-
citiizens.ý2 At the- time of the deployment to the Arabian Gulf. the tal levelsý of the organophosph~technd: nerv~e agent
U.S. intelligenmce comnriunity had assessed that fraq had -a sig- san..
Alifcaht chemrical wveapons capability, and 'had likely forwa~rd-
deployed thfe~e weapons .34 The -initial objectives of the strategic raohosht ey AglsKiwioxicoogy
air campaign -were to~ (1) disrupt the Iraq leadership and com- raolitvýAens-nw
mrand and control. (2) achieve air supremnacy: (3) cut supply ~1 ahlg
fines (4) destroy Iraq's nuclear, biological, and chemnical capa- The toiooy ahlgadmdclpreserltat0fo ofacute
biility; and (5) destroy the Republican Guard. Destroying Scu~d a pt chrn health Outcomes- amn'bg* indivduuls qppd to
missiles atid mobile faunchers becarre a priority early in the air 6ratphosphiate (OP) pesiticdes and OP chemilqal Warfare
camaign.-5 Althomugh prepared to use therm against coalition nerve agents havse been the subeto extensive T-esearch over
fotees, the itelligence c~ommunity has assessed that Iraq did t~he, last-five decades. A numnberr of-reviewvs-are available iný the
not use chemrical wreapons during the Gulf War.3, publishedd lteriturq n prvdaslogal o vlano

Soon after Lhe (lult'War. contcern abo~ut potential exivironneio- hca~tl oitcbimnes in hunman ex-po~en1 h OP pest<icides -and.OP
tAlnd W616ctlai hmia afae~psltsa~s stem _cleIcalwarahre nerve agents fl'ble- II. Acute, limited cx-

- -posuires of brief durationt with mninimal to no clinical symptomns
~Ol'ce~lte ~s'lntS cetiyofOfemel-e~t Aldrs tePetaln W;,] have- n ot11 beeni sh own to- p roduLic e la st ing health affe c 2 7.3'r

.igrton.D. tii IIisWahný DCDC Subtle long-termineurdlogbeal (prhimariy nierogi ~d pyvcbi-
'Napaiiniendt ettd ete' SnYgoCA a'trc) effects maly sometimes 010lW recovemy twoin severe acute
'§IS. mi~ny W-tdicali e'earth Insfitute of Clihiernir Ddfem~e. Aberdleen Proving Cholinlergic poisoning and may last mionthis or even~yas hs

Grouind-EA.NIP, effecfts. range fromi psychological, behavioral, or electrophyslo-
Thi nearh asbetn ontueenin mp i~ wthallp~icak edrall~g-logical abnormalities to changes in te latenie of action po6-

ulations .sovuniing the. prn o netit of. hlumq insbj ~ n r dSfi'C.1is rccpreýsei th en
report 01,2 sulpporteri li the Office of'teA~s i ertino ~fii lat It nthils inl ýIxleta1 mnuscles.3a-1 4  SOllie of these long-dermr

Ajf'uiseme .nc vor untno 002Tcte~ rezed hin tins arIlde qre lthose thie effeets may,: be mediated by cholinergic miechan ism s, althiog
autlumrs and doa lot r'fet thýe officia polic or IkicSItiln of the, p mee h other muechatisufs have been-hypothesized,:0ý In suLrivors5 of the
Defrnsc or ibe uŽ,viiiftTMosba arin attack, the physical ftchlinergfc) sig~ns and

Rrpnt Ci~ailes. ~tdle UAFUS S~hoSmboleSRt5l~ esur fromi the sarln intoxication.ds jAr wtiafe

th'lis Illaralcript was, uieei~ hvi ewinct 0i 62O Thle r-vised ~uesi h as lotfess although-A symposcos
tvts tict'ec[tt lir jicibuicatitIiiT in Nnvetnhe,)r 200.). tent with post trautmiaic stress disorder and steep) dtisorders
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tABLE I

ACIrrg AND~e 11-RON .IC OUTrCOM .ES AM ONG TI I OS E E'XPOS ED TO o P CHEf M]CAL WARFARE NERVE AGENT'S

I. Awe li'lbie~ie~ff:tstk~tr~u~ mnute di hbi-sfolliwiig xpoure ich* navy leao to. ioritalit or rpeovery.
2, jkdeldz iztemdi;11C 5V1idroie Cfeij Ii scles, pcsd~s n~I ekes Dhc c r ~cUddiy lbllotviig recoveijy frofij

see& ilkdt cuti. eff~mj aind is mrvLsible over days ýor wee!ks- (Thie Inteimed Iiate synd-romek P~rare Iv seen tni OP cehiniical ivirfarý

'S. A deayed prtienphql poilvicuro-pathv c~i.uecl by-a few OP pes,,ticidles us'atlly oerii cksbongaautexsr.vriusly
called OPi DN -which is charactc rrsedlby inhibition of th& inizqme, neutroiti'iy'tdrget e~sterase-or neurotoxic csterase.,(Ontly undeir 'unique
experlmental Conditions will OP chrldwraenerve agents induce, delayedierot'itv

4. Stibtle, lono ~ten ffeurolog;icdl (primairil neurlog01,ic anld psy chiatrici effec~ts that..sonretime~s followrcvei rmsvr ct

cholneric flecs wa hmay I istOmofiths or ev en years.

remine sverl onts ate th icidnt Gnetc ifft Evalua tion,:rogamfon no consisten t patterns of neurologic,

'enicesinactivitv levels of detoxi ficaio6n enq2mes have been hy- disease or new neurol:ogic syndromes.7, in a study loloking At
-pothesized to account or some indiv~idual variationS in suscep- 7-year postwar mnortality, Rang and tlulimanti? found the excess
jibiflty, however this effect has not been observed clinically."l of deaths amnong GnilIf War veterans Attributed to rnioto'vhti

Asingle high-dose or repeated, loW-dose exposure to srnle4 ofccidents that: was observed.-dtu ing the earlýoierpstwar'yeo#
these aigents has beeni shown' to produce a delayed peiipheral had decreased steadily to levelsfound, arrong non-Gulf vetern
polyrieuropathy. referred to as OP-Induced delayed neurotoxic- and that the overalli risk of death for both Gulf War vtteransanid
Jty (OPIDN), which usually occurs (lays to weeks, ollowing expo- non-Gulf War veterans was less than one-half that expected thn

.sr~eThe OP' chemical warfaire nerve agents 'GA (tabutn), GB thieir civilian counterparts. The risk of death from natur'al
(§aijn), GD (soniani. and, VX, alongý with several cl~ose analogs, cauises remained lower arriong Gulf War veterans compared~ with.
have been assess4ed for their ability to induce OPiIDN and to non-Gulf Warveteirans, anid therewas i*Atntistically significarit
inhibit neuropathy target esterase, Thougrht to be the target for diferente in caiise-speietfic mortalit amn , ufWrvtrn
OP polyneuropatihyP"'ý in general, such neuropathies have relative to potential nerve gas exposure,.EEpidemiologcal studies
been produced orify at svqpralethal doses in animals kept aliive of varied groups Of American, British, and Canadian Gulf War
by antidotal mneasu~res. veterans have fodnid that subjective symptoms are reported'

The sciexitific literature jproxides little evidence that subclini- more frequently among those who served. in the Gulf War than.
cal ecxposure to sarin or cyclosarin, the chemical warfare nerve Gulf War-era, personnel who were not statiorned lin the
agents, found at the K(hainisiyah wveapons depot, can result in Gulf.61-6' 4 0I- Dlugo'sz et al.27- found that Guilf War Service wqg.
longýAern health conseqencptes as a result of the agent's associated with greater risk for postwar hospitalization for acute

toicty ~ In their review of Guluf Warhealth issues, the reactkion to stress and that personnehvho served in the grou=-nd
Presidential Ad'visory, Committee gave specific attention ito the War were at greate'r risk for Postwar drugrelated disorders axf
question of health effects of low-level exposure to chemical war- alcohol-related, disorders.

faenerve agents and concluded] that the available scientific Nisenbaumn et al1Y8 and Spencer ettal."O examined the associ-
literature does not indicate that long-term, subtle, neuropsy- atlon between self-reported stressors., including perception of a
chological, and neiirophysiological effects could occur 'in hui- chemical warfare. agent threat (belie that che a weponý
mians following' low-lev'el (asymtnp natic) exposure, 'In the ab- were being used), expe~rienced-diiririg the Guilf War de~ et
sence oafex-posure sufficient to produce observable acute health and a postulated chronic Muiltisyniptoto 'fias The-eii'sl
.effelct~s, there is no miedical basis to' hifer that exposures to gators found belief that chemical weapons were befin.gused In

chemica warfare nerve agents, if such exposu'res occurred, we'r diint aiu te tesrwere nfcnly ascae
osuffliciet niagnitu'de to be repnil fray of the syap- ihbthsvr and mlild-moderate illnes-,es usn dnlalte

tomisor health conucernis amiong GulfWar veterans. arW iutrvýui analysis. These result-s are consis~tent wit
result$ frot! other Studies that exardinedthe health ilipact ofa:

llealthfi Outcomes lamong' (ulf'WarlVeterans--Potential perceived threat of chemnical weaponY Substesosmy
Association With Chemical Warfa~re NerVe Agents, cause -or. exacerbate illness because: of the psychological and

physiological roaladaptive Otres Weponse&. :Theseý fnigs do
Numrerous studies have examnined. pattLn f worhidity antd nt s 'pft the hypthesi§. of Haley and Kurt ýI tha tinex-

nortality amfong.,Gulf War veleranS.GO5 7 E.pidemoo a std laine Illesn i Gulf Wa veteran Is a resultofneurotox
ies have found no increase in risk for postwar hospitaliza-tions effects cauised by exposuires to chemnicals that inhibit cholines-,

for~~~ vrosdshreciagýnoses..6'"-'A The postwa r Ihospit[al iza- terase activity. 7,'

tion experience of U.S. 'Gulf W'ar veterans xMho were noear Several published studies. have examlned associations be-
Rhainiislyal daring nerve agýent munitrionim des tru.ction was evalb tween symptoms and self-reported c&xpo'sures -to a wid raneif
uated, loigseiialatevrlneurological outcomes that hazardsý73 2 .83 As early as 1993. prelimninary rindings sugge-std
mnight be associated with: chemical warfiare nerve agent expo- that a high percentage of Gulf War veterans experienced'some
sure. There wras no indication that veteran-spotentially exposed stress-related symptomls after returning to the Unitied
to the nerve agn lmseprecdunusual posifwar mor- States.4,'s Conclusion's fromr the 1994 National Institutes of
bidity-.89 .Neurological evaluations of referral patients :parltiipatL Health Technologry Assessmnent Workshop indicated that. stress
ing in the Department. of Defense [Doi)) Comnprehensive Clinlical ,fromi the. immninenit threat of biologia ochmalwrare m ay

Military Medicine,. Vol. 168., August 200O(3
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be a common threa~d lfnkingý some Gulf W'ar vetera~ns sxp chiicwaar nreantepueadytother studies have
toni;~"he ~lfreptt~c exo~ues o .o~dcnt~or azads ave not Teve~ded neufrological signs or syrnPtoinis ta ol up

been signr~iicantlv, re-lated to virtuallv all of thie health out1comes thMs hVPothe`S-s'"~"" 1,

stude. Th soitosbtenrnli~ neae xosure~s Jamnal et a]. " compared sympotomiatic GulfWa veteaswt
arid multiple unrelated svihptonis are diffict INd explain from a a matched group of Thealthyo civilian conri-ols. Although signTf

toxiologcal ~rsectie~dO~?. ~leant differences in three measures of peripheral nerve function
Other Stud .ies ,have searuched for relationships 4etween self- were obser-ved. the a uthors wvere cautious. in, their conclusions.

reported symptomis, exposures to comibat, poisbonus gas, or Theli hindinf, that symptomatic subjects, froifiany grop.,. have
occupatiJonal exposure to petroleumh products~, an neA seso difference's in health c~ompar-ed With afsYrupitoMatic subjets is
.sitrsY Associations between wair-related stress and ntsrpiig

phyica smptms f ll eath erefond.hi thse tuiesdo sing an exploratory, mahmtcaldta st~ru-cture tech-_
not indicate the strength of the relationship and dto not ecue nqeHay tl 8 idtfi ndamdixpsIbl yidromes ba-sed on clusterting of nmptonis. T1he investigator in-posil reltinsip be $)en qnptoms and o~ther ris tencrsely studied a 'smrall number' of the moist symptomatiý

Proctor et a] .7, using a priori hypotheses about the zoicn sujdwttetresnrms hiigh togs sotoxiant'claonsamongf sym-ptoms, usfing an extensive multidisciplinaieffects of exposure to specifie toxicants, examnined the relation- snpooo ae n ut hyoheVedta teeactr
Ships between self-reported eposures anhd bodv-ystem! symp- Aftalsi's-derived syidroimes mapy represent variants. of 0 IDNtorn gro~upings through multiple regression ainalyscs, controul- due -to exosr t-o !fitu-tjfs- of antlich~inesterase g~iit eg,
ling- for war zone exposure and post-Iraninatic stress disorder. -chemical warfare~ nerveý agents, jpesticides, insect rep-lextit,
-Sel -report cd exposures to pesticides, debris fromt SLcuds (lraq's and/or pyridostismine bromilde). Hlowever, such 'OP1DlW vnshort range ~ballistic mnissiles), chemical and biolotgical warfare ant? " ave niot i-e rvosyrpoie,~n h ugstion
agents, and smoke from tent heaters were each signifiicai-tly that veterans ofthe Gulf Wair havea for ofi oOPIDN is 'withotijt
related to increased reporting of specific predicted body.-system support,."3,1 1 The stud~y design flaws and intepretation of thesymnptom score uroujplngs. Using the nerve agent pretreatmenft Haley et al.8 ' findmo~s have been discussed clsewhere, 1Z"7.~I,I9-),v
pyridostigminife bromide as a corelate for leheni"ca warfare v25 The relevance of these findingsv remains to be shown. and

thrat te:inins ofSeuf e~t,~ctl tpotice~i Oher investigtors have not bee n ableto r~eplicate these resultslong-term declining subjective health -sta tus amiong femfale .re- using larer 5ir ersettv
serve-component Gulf War veterans most exposed to Llie per-
Ceived threat of-chemilcal w~arfare n~erve agents,
stMbst studies? have found that self-reported exposures are 'he psyi ogICxsqens fClekaWraesinificantly correlated to matny of the medical atid psy~hfiatric The psychological trauma of experiencfing A potentia or realcondtion, sugestng tat n sinle eposure was re lated to attack fr m~ chemtical warfareagnslogxihtepyoo-

the outcomes- observed and that health complaints of Gulff War i4cal and psychosociat consequentrces of combat and deploymenjt
'Xeasaeio ossetwthauiu presents a confounding factor in evaluating health, effet off

.Several studies that reported associations lbCt-wdehnsl-e a!ta 'xp sUre~s.1'27 12. The threat or perceived exposure t
ported chemical -warfaire nerve agent expoisures and health- of- cheiatial warfare gents ihas been shown to have a, ,astjing 'rd
fects overlooked the effects of ex~ositre n sclassification error adverse imato ua elb1-4'21'0Sm eeawfte
o~n their results.P'c Demonstration of the difference in self-re- Gulf W~ar believe unequivocafl1y that they were exposed to chem-
ported exposures and outcomes among various groups of Gulf ical wrfare nerve aentis,,1xtteniveniaonftorlng capabitiues*for
War veteranis lhas been observed in variolus stud iesi.e11"'QWPOGulf chemical warfare agents were deployed to the Ara~bian (tulf And

War eterns tudid b~ Haey ~ al nd r~y ri 4ý tiy of :the threat from Iraqfs chemnica warfart weapons WaSJ perceived
wvhom sleoptI a nd Worked in- the ,same-areas, reportedlveiy differ- as a real and present danger. m'" Gulf War'iVetrs reuntly
ent wartime exposures, es~reciallv chenicealt and other environ- heard sirens and other warnings issued as a- result-of possible
mental exposures. Studis that make Sole usle Of self-r~eported agent dletectiton from chemical -warfare delteto "devices. and
Apndings, for both ou~tcome and exposure, imust be %qeWed with -spent many hourTs Watin in cumhier~orný pttecuive geaPL
cdution.ý1 Observational datA are always subject to _potenltial Often, troops wer-enot givenl a ful exPlarnafiort for-the cau se of
biases and study results must be independently replicated. One the-alarm or informed that the alarm. was. a fase alarm. Troops
explanation for the finding~s -of IHaley et al." is i nformation bias, generally were unawmare of the extent tht- chemical iwafare
tha i, persons who report symptoms are al~so more likely to agent monitoring eq -iprent could reite tfas alams lecin.r .e p ort ek-oues8t a belief that they had been subject to attack by chernica

Se'veral studies hlave indudted. neýurophysiolo~gicA, and neuro- warfare'agents, when in fact they had not. 32
:

psychological evaluations of, -ymtomti GufWrvtrn.'~Simlarto. the experience of troops du~ring World War I, thle
ii n gnealth~c tudeshav nt fun obiou, onsstntordreaid of chemical waifare, once arioused, WaIS sustained and

,Pe~lccagsi betv esrso ueosnuohso disseminaited by the precautions takenq aint the agent rather
logqical or neuropsychological inaflables. SeventhI hypotheses con- than by expouet i c A qute from L F. Hiaber. The
cerning the cnause or physiological basis of difficuldt-to-diagnose Poisonous Cloud: Chemical Warfareti finhe First World War. typ-

chronic~~ ilnse mngsm uiWrvtrn remuain Lncon- ifies, the- im pact on health that the belief a::chemnical warfare
finned. Some finvestigatoris hvpothesiz/e relationiships to stress, attack orccuntd can have: It is Possible that these mien, in their
w.,hereas other iive'stiga tors hptei elinsps to low-level ftaturity, would attribute their condition to the Consequences of

Military Medicine. Vol. 168 (ii. nust 2003
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~i.gas~itaektenor ifeenyeas erlir. .bt t ws eoug fo soe US.troops potentially may have been exposed totrc
-eople to believet .hat beinis gass§d WAs the cause of illiegssvears levels of sarin and: cyClosarnj.$J45
later, and thus the Spe~cial anlxietv created by (hemnical warfare Given the limited extent of exposure, what is the likelihood
ýcontinuied into the, peaice And Was kept alive in, the public's tha ,t chemicrlal warfare nervn gnse a-a cause of long-term.
conscloustis&ClX hiealth problemis among (luIf War veterans? Chemical kvarfare

Achemical Or. biological atlac.k is a potent form lof psycho'log- nerve agent exposure' isa very unlikely caue of the postulatedt
ical. warfare, whether that attaick is real or a cleiver) . desi~gned "Gulf W.ar syndrome" or any ill~ness amongf. Gu~lf ar veteras
hoax and whethdf a ]one sociopathuiitliae's It. a'grouip of do- Reviewvs of the literature indicatefthat loniýterrn health effects
mestic or. foregin tdtoris ts. or a ro4,gue fiation. 13 4 Military oper- from exposures do, not occur unless there are symptoms ininie-

atoslin a , pottia ceIca eniomnareascae with diately followina eXPOSur1e.12 18-43 5 2 57, 1.0-152-

intense fear oiftha~t f~orm of warfare. tUrsano~ attributes fear There is. no medial .or:.scientific evidence for an atypicald
aiiong -nilitarypersonnel to (1) the partioular, personal psycho- OPION following asymptomnatic exposure to chemical Warfare
logicatl fears of chtiemIcal warfare agrents, 2)a sense of the need nerve agents2. 8ystematic ex-amijiations of over 100,00 Gul
to conitinue to, operate after a chemical warfare attack, and (3) War veterans 'have failed to identilý anv- pattern of neurological.
the indiscrimitnate natu re of chemical warfare agefit$. The feel- damage that wvould inadicate harm from exposr tom cýhe~nikJig~s offielplessness in the face lfauhbiquitous andusellerwfaenveaet' 9

caii be overwhelming. I 3A' The psychological imparit of a po- Consistent scientific evidence -indicates 'that ýe vice, int-
tential or actual chemiceal attack can resut itn immediate can- Gulf War resulted in increased reportiig ,of.sympOtosainsA~
salities from acute stress disorder. grief. anger, scapegoating, Gulf War vetenainsA60637 :-7 6 Neither chemical Oxpposur& daA n ,
and souiatization disorders. 11 Longer term effects include phor- toxicological evidence from-the scientific literaturev ofrferpoten-
bia~s, sleep disorders. post-traumatic stress disorder, substanc~e tjýIl explanation for the observed syxnptoms.79 One -cois .istent:
abuse, antd major depression, 1"' 41 findin has been the rec~ognition of psyhological conditions and

These findinggs are conrsistent with observations from mifltain related symptoms as a major diagnostic category among Guir
training using mock warfare conditions and from clvilianls re- Wa~rvetearans.153This finding is not unique to GulfWar veterans,.
,spending to the belief that they are under attack with cheirrcal as similar symptoms have been observed: among. veteranis of
-warfare nerve agefits.'-`1 In ai study involving 366 mlita~ry inany wars of the past century., Phiysical and mental stress.
persomiel inv'olved in trainingi exercises, the chemical and blo- 6iaeditco atlnfetndvrswy adisiey

logical warfare combat environment itself was responsible for to be art importanit contributing factor tO the br~oad range of.5%1l to M0% of causalities even in the complete absence of expo- physiological and psychological illnesses. among militaryfore-
s$Ures totcheimcal and biological warfare~agntsý'- - Investigators 15.4 ,157

foind, 101A to: 2.01% of participants experienced symptoms, in- itI niely that humians will ever -~i edlbrtl
cluding , claiistrophobiat. and panic. During the Gulf , '. seirc .etn to chmewrae ev gnsWar a .ub. of nit qitai mebr&rsne wt ai.h~eposed in a reserhstiqt hmc-NaAe ev gnSWara -unier r mlitry embes pesetedwit paichYTherefore, any new humian data on long- erm efecs will have toperventilation, and inability to wear respirators-when. chemical comne from study of people exposed years ago, of indivduals
alarms were sounded, despite a perceived real chemleal exposed to chemical warfare nerve-agents accidentally.. through
threat.0144 l1 act-s of -terrorism, or war, or individuals exposed .to 'relAted

AsWith mrilitary personnel, civilians who bt~leVe that they are agenta suichas OPpesticides. Detailedi tokicolokyý "tde oa theunder attack fromn chemical or biological weapons also ciqieri- 4oi-em fet flw-ee xoue il y neeA iy ue
ence thet physiolog~ical manifestations of severeý stress reac- anlina odlanwilhetobapprtopriael deind
tloris. 131 Duingl the Gulf War, Israel was subhjected to attacks by fcltt nmlhmnetaoainTeeaelmttosa

Scd isilssveral of which fell in highly populated areas to- the ability of ,the exýperimienital animnal st~udies to.adecquately-
cauin huaninjuries antd extiensive property daniage)14 7 Al model the sub~tl neuropsychological deffcitsý, If any, which

though it iwas coniftirmed that none of the'Scuds were armed with would folMo exposures. to subclinical- levels of chemdcal waiifarechemnical warfare agents, the uncertainty in ti-me, place, and nevagts tiipotnhateepsusuedntee
typ honsfe w arhed cvetonlorcemical wasy tasurceof studies be similar in route of. admninistration. intensityv -and

chrnicste~_an the inimediate cas6, an ~n~~ duratio ashos exprieced by troops; ýunde :actual deploy-
stress recttlons-at. br niear the missile attack stY 5 Somatic
reactions Were more prevalent amiong women than men and -ihuhi sulkl htGl a eeas-r ufrn

amog tosewhohadonl copleed lemntay shoo.' 4  chronic effects from illnesses caused by chemicalwarfaire- agent
exposure, further research is ongoing to, determine. whether

Conclusion, and Future Research Needs there are synergistic effects among varied agents, incuigpy
chiological stressors, pesticides, atnd pyridostigmbinel bromilde. a

F'ýxtensive Inve~stigation drid revriew by several expert panels pretreatment for chemical agent esre 7  Further re-
have deterriniied: that no evidence exists that chemical warfare search also is ongoing to develop more sensitive and spec Ific
nerve agents were used during -the Gulf Wlar. At no time before, chemical warfare detectors, both to pro-vide early warning and to
during. or after the war was there: confinination of symn toms, better diciiment e.,piosure for later as ýsessmetofhealhh efects.
among military or civilian personnel, caused by chemical wvar- The current recognized biomnarirer of exposure to OP chemical
fare nerve agent exposuire. However. the findings of U.N inspec- warf .Lare nerve agents, inhibition of red blood cell acety Icholines-
tions and investig~ations. following 'the Gulf War Indicate !that terase, has limitation.- xwhcn applied to retrospectivc mnalysis,
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as well as being a poor inidex of toxicity. New techniques are Rfrne
emherging fromI ongoijjg resea-rch tht assstferrtrnpeciv

anlssof expo'sure', As part, of the federal response to tile if~drGlipI ''i tsniyadwr h Gul and' ecitanalsisiltior. Am fsliother 1093; 47: 57 83.lKhamii.yah announcemenit, a number of experimental animial 2.WtiavCdncalwapons in the Iran/Irat war. Mdli tRev190Studies examining 'the -neu'rologic and neurophysjooi:4a ~f~ltt~tentAec eea ufWrtn~as''ikFre a~~aiquelac of lowv-level exposu-tre tosarin were begun. These 'studes a H-istorical Perspective on Reaie~d Intelllpence April 1997.,4, Centia lntrlligLenee Aguency: Iraq asa a MilfItaY Adversary. Novefinbr&, 1900.genierally Underlakeitin 1998. have not yet produced a corpuls o ;oeainDsrSorEaltonfthAir ijhd.L~tfcr ip: iddata published in the peer-revieed lierature. Theý annually NS1AD LD97 134. June 12. 1997.uqpdated SLIMnnniCiS of progress in this research area can be 6. CGreene S: Push finr Gulf sivnroine reseatdrc Nafiare 193: M4: 11544
founid oni the Internet (http://wwwv~va,gový/r;esdev`/""prt./gýýýauif 7.UEi.aeonileonal outsi to Iraq And 'Thrahnj1 aP__ __ [ho~~~~~~~~~Fblbgica) Warfarc-Related antal UeEqit oIa n hi~sjbeIpc_war__2000/) The DoD has developed a strategy to address o h eihCncec, f[ePeiinclwr~)h, C fSlow-level exposures to cheniiial warfare nerve agen~ts.100 The scnale' lq9'4. 10
proposed- DoD strategy and supporting 5-yea-r research plan are 8. Office of the 'Speciial Vsh0A1TA f~r Gulf War illnesi ses i Na&ýrratv TU.s.designed to yield data that will guide the potential evolution of(itllio psaln thrll~h20 artvsOffi~ee of the Spexial Assisatant fre Gull XVajwlllnessa; tfCra~ypolicy and doctrine, T~he DoD must iimiprove u~pon exi-sling. ca- Environmental Exosure Reports, Inforrnathon Papers. Close Out-Ne"Ports; tostPAhllitiesfor protective. and responsive mfeasures agaixvst dhem- studies and Aalybis 2002. Availabale at http /Alv~wgrtffink~osd~au /ical warfare -agents. Training on tlie lhimitations of chemical 10accesrs-l ~Osed June 2002agent-detectors and documentation and conimunicatiOn at1ll sad in chiernil warf~areaent exposure amongl Persian GulffWar veter Ial- Allevels:on false alarms fronm detectors 'shouild be anlf knporfant Esan dlcse an~id *dirty dsht "lt Med 20M: 165: 321-.36,Part of this Improved policy and doctrine. 1,L Haley RWA. Billeck-r- S, La:Dr Bl N: Association of Idw PoNI fqpc z h ýe )1ýa fbr orsodto the health- concerns of Gulf WVar Inefrs aciiywt rojol 3otmeipne bGtfavt~In a effrt -o reponTomicol Appl Phraimacof 1999: 157: 227-33.veter ans-d tbheirfamilies,'the Department of Veterans Afais 12, Brown NIA, Brix KA: Review-or ialhe onsqutaees; frothnb!igh-. deridcontracted wiffh the Institute nf Medicine (1OM) to study the -and low-levlepsre tpo ogophosphousneitveak .:J emiimiscienit:i evidence concernming associations between -agents to l&ý 393-401-
which Gulf Warveteran-snmay have been exposed and~t resulIting 1rdue fllae nertxOY"e ut ;.ia ý27Advers health effects.5  Por satin-, the 10M Commintttee :ýn 14. id,ýucedeameD PsertcItdeiny Vet Hpiivtiweo 1d5o 2S
eluded that (1) there is suffcient scientific evidence of a causal f'Ohdarn Appi Toxicot 94DB 4: 518-529'
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